Objectives: To examine associations between periodontitis at ages 32 and 38 and a range of early cardiometabolic risk biomarkers at age 38.
| INTRODUCTION
Evidence for associations between chronic periodontitis and atherosclerotic cardiovascular disease (ACVD) in susceptible individuals has accumulated in the past two decades. 1 The chronic inflammation of periodontitis may initiate a systemic inflammatory response which promotes or exacerbates ACVD. 2 However, evidence for a causative effect is lacking. 2, 3 There has been recent interest in the early biomarkers of ACVD and cardiometabolic risk, which includes measures of retinal microvascular abnormalities, endothelial dysfunction and metabolic syndrome (MetS). These markers are associated with both clinical and subclinical ACVD across a broad range of ages. [4] [5] [6] [7] [8] [9] [10] [11] [12] Retinal vascular imaging is a relatively new tool in ACVD research, used to assess and quantify subtle variations and abnormalities in the retinal microvasculature. 13 In particular, venule widening has been associated with obesity, smoking, and systemic inflammation. 4, 14, 15 Endothelial dysfunction is a pathological state of the inner lining of blood vessels (endothelium) comprising chronic inflammation and an impairment of endothelium-dependent vasodilation. 16 It is recognized as an early sign of ACVD. [8] [9] [10] MetS may be best understood as a clustering of certain cardiometabolic risk factors that often occur together and increases risk of ACVD and type 2 diabetes. 11, 12, 17, 18 It is probable that, if the inflammatory burden of periodontitis does have an influence on ACVD risk, it would be manifest in these early biomarkers sooner than in later clinical ACVD signs. Some associations have been found between these early biomarkers and periodontitis. To date, there has been only one study of associations between periodontitis and retinal microvasculature health. In that cross-sectional study, severe periodontitis was associated with retinal venular widening in individuals with Type 2 diabetes. 19 Some researchers have reported associations between periodontitis and endothelial dysfunction, 20, 21 and others have reported an improvement in endothelial function following intensive periodontal treatment. 21, 22 However, a 2013 study found the opposite; more severe periodontitis was associated with better endothelial function than with less severe periodontitis. 23 Associations have also been found between periodontitis and MetS, [24] [25] [26] and between periodontitis and the individual components of MetS. 26, 27 In view of the relatively high prevalence of both periodontal disease and ACVD, research to investigate associations between them is crucial. Elucidation of the relationship between these two conditions may contribute to the future management of ACVD, in which case the public health significance would be substantial. To date, no study has examined associations between periodontitis and multiple markers of cardiometabolic risk in a representative early middle-age cohort; early middle age is a potentially important time for intervention aimed at preventing progression to ACVD and its sequelae. The aim of this study was to investigate (1) cross-sectional associations between periodontal inflammation at age 38, and (2) longitudinal changes in periodontal inflammation between ages 32 and 38, and those three biomarkers at age 38. 
| METHODS

| Periodontal assessments
As previously described, 29 full-mouth periodontal examinations were conducted at ages 32 and 38. Third molars and implants were excluded from examination, and participants with a history of cardiac valvular abnormalities or rheumatic fever were not examined. Three sites (mesiobuccal, buccal, and distolingual) per tooth were examined using an NIDR probe (the Hu-Friedy PCP-2).
Probing depth (PD; the distance from the gingival margin to the tip of the probe) was recorded in millimetres with measurements rounded down to the nearest whole millimetre. Gingival bleeding on probing was assessed for each tooth by observing the presence or absence of bleeding at each of the three probing sites. If bleeding was observed 10 seconds after probing at any of the three sites, then "bleeding on probing" (BOP) was recorded for that tooth. Two and three calibrated examiners were used at ages 32 and 38, respectively, and intra-and interexaminer reliability data at each age were acceptable. 30, 31 At each age, the inflammatory load was measured at the tooth level. For each tooth examined, if any of the three sites had 3 + mm PD, and also had BOP at any of the three sites, the periodontal tissue of the tooth was deemed to be inflamed. A count was made of the number of inflamed teeth in order to quantify each participant's inflamed periodontal tissue and intraoral inflammatory load at each age, and the change in inflammatory load between ages 32 and 38 was computed.
A modified version of the simplified oral hygiene index was used to quantify plaque accumulation at age 38 whereby six index teeth were scored 0, 1, 2 or 3 according to how much of the tooth was covered with plaque. 32 The overall plaque score was the sum of the scores divided by the number of teeth scored. Study members were then categorized according to their plaque score: score 0 to 0.5 "Very low"; score >0.5 to 1.0 "Low"; score >1.0 to 1.5 "Moderate";
and score >1.5 "High". 
| Assessment of retinal vessel calibre
| Metabolic syndrome assessment
Blood samples were collected at age 38, and glycated haemoglobin (HbA1c), triglycerides (mmol/L) and HDL cholesterol (mmol/L) were assayed. Blood pressure and waist circumference were recorded. Full details of these assays and recordings are in the online supplement. 
| Measurement of other variables
The identification of appropriate covariates was guided by the literature, and facilitated by directed acyclic graphs (DAGs; Figures S1-S3), using the DAGitty online tool. 36 A six-interval, occupationally based measure of socioeconomic status (SES) was obtained from participants at age 38 whereby a doctor scores '1' and a labourer scores '6'. 37 Study members were then allocated to the 'High SES group' (scores 1 and 2); the 'Medium SES group' (scores 3 and 4); or the 'Low SES group' (scores 5 and 6). 29 Study members who gave a positive response at 38 to the question "Have you smoked every day for 1 month or more of the previous 12 months?" were categorized as current smokers.
| Statistical analysis
Linear multiple regression models were used to examine associations between CRVE and (1) the inflammatory load at age 38 and (2) the change in inflammatory load 32-38; and between the Framinghamreactive hyperaemia index (F-RHI) and (1) the inflammatory load at age 38 and (2) the change in inflammatory load 32-38. As is standard practice, CRAE was included in the CRVE multiple regression models to control for its confounding effects. 14, 15 Logistic regression models were used to examine associations between MetS and (1) the inflammatory load at age 38 and (2) the change in inflammatory load 32-38. | 617
There were slightly more males than females (Table 1) Bivariate analyses of associations between the mean inflammatory load at age 38, and socioeconomic status, smoking, and plaque group at 38, were carried out (Table S1 ). The mean inflammatory load at age 38 was found to be higher among those who, at age 38,
were of lower socioeconomic status, smokers, and or had poorer longitudinal plaque control.
| Regression models
Analysis of the CRVE linear multiple regression models found no association between the inflammatory load at age 38 and CRVE at 38 ( The logistic regression model showed no association between inflammatory load at age 38 and having MetS at 38 ( Table 2, Model 5). Men had higher odds than women for having MetS, and people with dysglycaemia at 38 had more than sevenfold higher odds than people who did not have dysglycaemia. No association was found between the change in inflammatory load [32] [33] [34] [35] [36] [37] [38] and MetS at 38 (Table 2, Model 6). Men had higher odds than women for having MetS, and those with dysglycaemia at 38 had more than sevenfold higher odds than those who did not have dysglycaemia.
A sensitivity analysis was carried out using a 4 + mm threshold for probing depth. No associations were found between this measure of periodontal inflammation and any of the cardiometabolic outcomes (Table S2 ).
| DISCUSSION
We investigated associations between periodontitis and early biomarkers of cardiometabolic risk. The inflammatory load of periodontitis was not found to be associated with retinal microvascular abnormalities, endothelial dysfunction, or metabolic syndrome. We believe that this is the first comprehensive examination of the crosssectional and longitudinal associations between periodontitis and these biomarkers at a relatively early stage in the life course. Our study provides no evidence that periodontitis was associated with cardiometabolic risk in this age group. It is possible that any influence of periodontitis on cardiometabolic health and ACVD develops later in life. Alternatively, periodontitis is not strongly involved in the putative causal chain comprising systemic inflammation, cardiometabolic risk markers, and subsequent cardiovascular risk.
It must be considered whether the finding of no evidence that periodontitis was associated with cardiometabolic risk in this age group could have been due to a particularly low prevalence of either periodontitis or the cardiometabolic markers in this cohort. The Dunedin T A B L E 2 Linear regression models for central retinal venule equivalent (CRVE) and Framingham Reactive Hyperaemia Index (F-RHI) at 38, and logistic regression models for metabolic syndrome at 38 38 Indeed, the prevalence in our study was slightly higher than that observed in a similar age group in the NHANES. 38 Similarly, the mean central retinal venule equivalent (CRVE) in our cohort is consistent with a range of other studies, 5 as was our mean F-RHI score, 8, 39 and the prevalence of MetS. 40 The strengths of this study include the use of a birth cohort with a very high retention rate, together with comprehensive objective data on periodontitis at ages 32 and 38, and on cardiometabolic risk markers at age 38. The high retention means that the sample should be representative of its source population (the South Island of New Zealand). The issue of whether the findings can be generalized to other populations has been considered. 30, 41 One paper provided broad support for the generalizability of the Dunedin Study findings to the total New Zealand population 41 ; the other concluded that the periodontal findings from the DMHDS are likely generalizable to the New Zealand and US populations. cluded that "there is consistent and strong epidemiologic evidence that periodontitis imparts increased risk for future cardiovascular disease". 47 Meanwhile, the American Heart Association reported that, while observational studies did support an association between PD and ACVD, they do not support a causative relationship, and neither was there any evidence that periodontal interventions modify ACVD outcomes. 3 The debate is ongoing, and data from longitudinal studies such as ours contribute to an understanding of the conditions' association.
| Retinal vessel calibre
The only other study (by Boillet et al) to examine such associations observed a cross-sectional association between severe periodontitis and wider venular calibre, but only in individuals with diabetes. 19 The latter are known to have wider retinal venules. 14 Our study differed from this one. Their sample had a mean age of 63 years; ours was much younger, at 38 years. They photographed only one eye.
They were able to examine a subsample of 66 with diabetes; in our cohort, only six individuals had diabetes at age 38-and we did not find dysglycaemia to be associated with CRVE. Finally, the studies differed in their periodontitis case definitions; Boillet et al classified participants as having healthy/gingivitis or moderate or severe periodontitis, whereas we used a variable that quantified inflamed periodontal tissue and the intraoral inflammatory load. Case definitions in periodontal research are known to be somewhat arbitrary, and our use of a more nuanced approach to exposure may be viewed as an improvement.
Our finding that smoking had the greatest influence on CRVE is not surprising. Smoking is one of the most hazardous modifiable ACVD risk factors, and research has established associations between smoking and wider CRVE. 14, 15, 45 Much of that has involved middle-aged and older populations, and it is noteworthy that our associations between smoking and CRVE were seen at a much earlier stage in the life course. We also found that males had wider retinal venules, on average. This was consistent with findings from the Beaver Dam Eye Study, 48 and the Atherosclerosis Risk in Communities (ARIC) study. 15 It is worth noting here that associations between obesity and adverse retinal microvascular changes have been found in preadolescent children, 49 and between television screen time and adverse retinal microvascular changes in 6-year-old children. 50 Given that these ACVD risk factors were associated with retinal microvascular changes at a young age (and yet we found no associations between periodontitis and retinal microvascular changes in the DMHDS cohort by age 38), it suggests that any influence periodontitis may have on CVD risk develops later in life.
| Endothelial dysfunction
Ours is the first study to examine associations between periodontitis and endothelial dysfunction using fingertip peripheral arterial tonometry (PAT The inverse relation we found between male gender and PAT is consistent with other research. 8 However, our study differed from these others in that we did not find any association between periodontitis and endothelial dysfunction. Of interest, the findings of a large population-based study using FMD are the opposite of all the studies outlined above; poorer periodontal health was found to be associated with better endothelial function. 
| Metabolic syndrome
Most of the associations found between periodontitis and MetS have been cross-sectional. 24, 26, [61] [62] [63] Generally, the greater the number of MetS components, the more severe the periodontitis, or the stronger the association between the two conditions. Five studies showed associations between the dysglycaemia component of MetS and periodontitis 24, 26, 61, 62, 64 ; one study found no association 63 ; and one reported unadjusted associations only between periodontitis and individual MetS components. 65 Nibali et al 27 found that those with severe periodontitis had higher serum glucose levels and leukocyte counts-and worse dyslipidaemia profiles-than those without severe periodontitis. Morita et al 25 found that baseline periodontal status was associated with the number of MetS components 4 years later. A temporal relationship between the two conditions was demonstrated, with periodontitis preceding conversion to one or more MetS components; periodontitis predicted hypertension and dyslipidaemia, but not obesity or hyperglycaemia. Our study differed from these others in that we could not demonstrate any association between periodontitis and MetS. That MetS was associated with dysglycaemia was not surprising, since the latter is a component of MetS. We also found gender to be associated with MetS, and these findings add to the emerging literature on gender differences in the development of MetS. studies such as the current one will make an important contribution to the continuing discussion. Following this cohort as it moves further into middle-age and beyond will contribute greatly to understanding of how (or indeed whether) oral and cardiometabolic health interrelate.
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